Sex chromosome aneuploidy is defined as a numeric abnormality of an X or Y chromosome and includes 45,X (Turner syndrome); 47,XXY (Klinefelter's syndrome); 47,XXX; and 47,XYY karyotypes. Individuals with 47,XXX and 47,XXY are generally fertile, but there is a risk of having a cytogenetically abnormal child in them. Turner and Klinefelter's syndromes are frequently associated with infertility, but few cases have been reported that they were able to give birth to a normal child as well as some children were born with similar or some other chromosomal abnormalities. Triple X syndrome occurs in 0.1% of live-born female newborns. Most of these newborns have a normal phenotype and only a few cases with 47,XXX karyotype have congenital malformations. These female patients may be mostly fertile, but there appears to be an increased risk of a cytogenetically abnormal child; the extent of this risk cannot yet be determined. Therefore, prenatal diagnosis and genetic analysis are therefore recommended. We report a rare case of triple X woman with a history of a Down syndrome child, for which she was advised a prenatal diagnosis in her subsequent pregnancy, and a review of other pertinent articles to establish the role of a prenatal diagnosis in parents with a sex chromosomal abnormality.
IntroductIon
Sex chromosome aneuploidy is the most common chromosome abnormality present at birth, with an overall incidence of 1 in 400, making it approximately twice as frequent in newborns as trisomy 21. 1 Autosomal abnormalities, such as trisomy 21, result in serious defects and a highly predictable severe prognosis for the fetus, sex chromosome aneuploidy is less damaging to the development of individuals, and its prognosis is far less predictable. Usually, sex chromosome aneuploidy is accidentally detected prenatally by amniocentesis or chorionic villus sampling conducted for other purposes. This completely unexpected result presents the parents with a very difficult personal decision whether to continue or terminate the pregnancy. On the other hand, to conduct genetic counseling in the case of sex chromosome aneuploidy is challenging as well, owing to the variability within each syndrome and the uncertain prognosis, especially in cases with mosaic karyotypes.
We hereby report an interesting case of triple X syndrome and hence will discuss triple X syndrome in brief. Triple X syndrome, also called trisomy X, is a genetic disorder that affects about 1 in 1,000 females. It is a sex chromosomal abnormality that involves the presence of three sex chromosomes resulting in 47,XXX karyotype. 2 The numerical abnormality occurs as a result of nondisjunction in meiosis I. Approximately 90% of these cases are of maternal origin and 10% of paternal origin. Postnatal diagnosis is difficult because most of these cases have a normal phenotype and do not manifest as a structural anomaly. Only a few cases with 47,XXX karyotype have congenital malformations reported in the literature. 3 The fertility in females with 47,XXX karyotype may be normal; however, there appears to be an increased risk of a cytogenetically abnormal child; prenatal diagnosis is therefore advisable to rule out any chromosomal abnormality in the offspring and to help the parents by appropriate counseling.
cAse descrIptIon
The couple was referred to us for secondary infertility along with a history of previous Down syndrome child. Parental karyotype was done. The karyotype of the female revealed XXX instead of two X chromosome and was reported as triple X (Fig. 1 ). The husband's karyotype was normal. The female was 23 years of age. Her height was 148 cm (<10th percentile) and weight was 37 kg (<10th percentile) ( Fig. 2 ). She was phenotypically normal with good intelligence quotient (IQ). She had no developmental or behavioral problems. She gave a history of giving birth to a male child with Down syndrome two years back, who died on the ninth day after delivery. The child had typical features of Down syndrome, which was confirmed by karyotype, showing trisomy 21 (47,XY,+21).
She spontaneously conceived after a period of two years; prenatal diagnosis was advised. Amniocentesis was done at 18 weeks of gestation for genetic analysis. The karyotype of fetus was normal. She continued with the pregnancy and delivered a female baby at term without any complications. Both the mother and baby are doing well 2 months after delivery.
dIscussIon
Many of these cases of sex chromosomal abnormality (SCA) are undiagnosed till late puberty or are diagnosed while undergoing investigations for infertility. Late diagnosis is because most of them are either asymptomatic or have less marked clinical features. For Turner females, primary amenorrhea is mainly the cause for investigation; for Klinefelter's, azoospermia remains the cause, but for XXX and XYY, there is no such specific feature for which they would be investigated ( Table 1) . Apart from abnormal psychological behavior, these conditions have been diagnosed retrospectively when a child is born to them with chromosomal abnormality. In our case, it was the birth of a Down syndrome child that led to parental karyotype and mother was revealed to have XXX.
There are a few cases that have been reported in the literature where parents with a sex chromosomal abnormality have given birth to a child with an abnormality as same as that of the parent or some other chromosomal abnormality with marked clinical findings. All these SCAs are usually not inherited, but occurs owing to a random event when the reproductive cells (eggs and sperm) are forming in the parent. Prenatal diagnosis is therefore required to give these parents an informed choice about their current pregnancy.
Pregnancies with a diagnosis of Turner's syndrome (45,X) and Klinefelter's syndrome (47,XXY) were terminated more often than pregnancies with a diagnosis of 47,XXX and 47,XYY. A study by Kim et al. showed that 60% of couples at their center continued pregnancy following a prenatal diagnosis of SCA except nonmosaic Turner syndrome. 4 Most reports from other institutions also presented termination rates between 32% and 66%. Christian et al. reported that among the couples with normal fetal ultrasound findings, the overall continuation rate was 40%. 5 This difference in choice for termination of pregnancy could be attributed to parental concern of having a child with abnormal sexual development or infertility, which are usually presented as parts of Turner or Klinefelter's syndromes but not of 47,XXX or 47,XYY karyotypes. Furthermore, Turner's and Klinefelter's syndromes are frequently associated with clinical manifestations, including cardiac and kidney problems, gynecomastia, lack of secondary sexual characteristics, and reduced intelligence quotient, which might also be threatening for the parents. 6 In contrast, individuals with 47,XXX and 47,XYY are often taller in stature but are not usually associated with other clinical manifestations. 7 -9 Triple X Syndrome
The first 47,XXX karyotype was described by Jacobs et al. in 1959 as the "super female," although in most cases these females with an extra X chromosome were identified in hospitals for the mentally subnormal. 2 Female infants with 47,XXX are relatively common, occurring in 0.1% of live born female infants. 10 Most of these infants have a normal phenotype with a normal IQ. Only a few cases with 47,XXX karyotype have congenital malformations reported in the literature. 3 , 11 -13 The unbalanced chromosome constitution in 47,XXX females creates some characteristic phenotypic features as an increase in height owing to an increased leg length, small head circumference, increased tooth enamel thickness, and reduced linear growth, and increased angles within the craniofacial complex. 14 However, in our case, the female is of short height though her head circumference was small, contrary to previous reports in the literature. Individuals who are genetic mosaics (XX/XXX) have less noticeable symptoms.
In typical 46,XX females, only one X chromosome in each cell is genetically active and the other is inactivated. 15 Approximately 5-10% of additional genes on the X chromosome outside the PAR regions escape X-inactivation along with pseudoautosomal regions (PAR1 and PAR2). The variable phenotypic abnormalities associated with trisomy X are thought to be related to the overexpression of the genes situated on the extra X chromosomes that escape X-inactivation. 16 The present triple X female was drawn to our attention because of secondary infertility and a past history of giving birth to a child with the Down syndrome. There was nothing about this woman's physical appearance that would have indicated that she possessed an extra X chromosome. Thus, the karyotype of 47,XXX was an unexpected finding.
While fertility in women with trisomy X is generally considered normal, there is an increased risk for premature ovarian failure (POF), which may be important to consider in family planning. Furthermore, patients should be counseled that the transmission of X aneuploidy (extra or missing X chromosomes) from women with trisomy X is rare, although it has been reported. 17 Although some reports support a <5% increased risk for chromosomally abnormal offspring, 18 , 19 more recent figures support that <1% may be more accurate. It is important that this risk be presented independently of the risks due to maternal age. These transmission risks apply only to women with nonmosaic 47,XXX, as mosaicism may increase the risk of X aneuploidy and potential outcomes; so each scenario should be considered individually. 18 -20 Singer et al. and El-Dahtory et al. have reported cases, where a Down syndrome child was born to an XXX female. 21 , 22 Haverty et al. reported a case of a 47,XXX mother having had a 47,XXX daughter. 23 Though there are few cases reported, the risk for having aneuploid child could not be denied and therefore a prenatal diagnosis by genetic testing should be offered to these mothers.
To our knowledge, this is the first example of a triple X female giving birth to a child with Down syndrome in India. It would be of interest to speculate that there is a causal relationship in the fact that this triple X mother produced a trisomy-21 child.
Klinefelter's Syndrome
With an incidence of about 1 in 600 newborn boys, Klinefelter's syndrome is one of the most common sex chromosomal abnormalities in humans that affect male physical and cognitive development. The syndrome is the result of one additional X chromosome, or a 47,XXY karyotype. The extra X chromosome interferes with male sexual development, often preventing the testes from functioning normally and reducing the levels of testosterone.
Until 1996, men with Klinefelter's syndrome were considered infertile because they are usually associated with azoospermia or severe oligozoospermia. Current ART has advanced to the stage where the development of intracytoplasmic sperm injection (ICSI) has provided an effective therapy for severe male subfertility. Despite having a 47,XXY karyotype, indicating the presence of Klinefelter's syndrome, a patient's spermatozoa can be used to produce a clinical pregnancy. Thus, ICSI has offered XXY men an increased chance to father children. 24 -26 The mosaic forms of Klinefelter's syndrome, such as 46,XY/47,XXY, may have a viable sperm in their ejaculate and hence be able to father a child without ART.
The ICSI is associated with an increased risk of producing a chromosome anomaly in offspring. 27 IVF is also associated with an increased risk for de novo chromosomal aberrations, especially those involving the sex chromosomes. 28 , 29 Therefore, in this era of assisted reproduction, where we have increased the chances of such parents having their biological offspring, the role of prenatal diagnosis has increased manifold.
Reproductive genetic counseling of patients with the 47,XXY karyotype remains difficult. Some authors have recommended pre-implantation or prenatal diagnosis after ICSI using sperm cells from patients with the 47,XXY karyotype. 30 -32 Arguments from authors who propose a pre-implantation genetic diagnosis (PGD) include the increased risk of producing sex chromosomalabnormal offspring (the unbalanced offsprings are 47,XXX or 47,XXY karyotypes). 25 , 26 , 32 -34 Genetic counseling should be reassuring and management of the pregnancy should proceed with caution. 35 
Turner's Syndrome
Turner syndrome is one of the most common sex chromosome abnormalities in females, and occurs in approximately 1 in 2,000 to 1 in 2,500 live female births, on the basis of epidemiological and newborn genetic screening data from Europe, Japan, and the United States. 36 -38 Most women with Turner's syndrome have ovarian dysgenesis; therefore, they are usually infertile and, in very rare cases, have spontaneous menses followed by early menopause. Only 2% of the women have natural pregnancies, with high rates of miscarriages, stillbirths, and malformed babies. Their pregnancy rate in oocyte donation programmes is 24-47%, but even these pregnancies have a high rate of miscarriage, probably due to uterine factors. 39 There are few cases reported in the literature where a mother with Turner syndrome has given birth to a child with Turner syndrome or its variants. Valera et al. reported a case where a woman with Turner syndrome having normal secondary sex characteristics became pregnant on two occasions. She had a 45,X karyotype in lymphocytes and skin fibroblasts. The first pregnancy ended in a miscarriage at 2 months of gestation. In the second pregnancy, cultured amniocytes showed a 46,X, del(X)(p21) karyotype. This pregnancy resulted in an apparently normal girl. 40 A girl with Turner's syndrome due to a 45,X mosaicism and a ring chromosome was born to a 29-year-old mother with a non-mosaic 45,X in her blood lymphocytes. 41 Cools et al. reported a woman with a non-mosaic (45,X) form of Turner's syndrome who gave birth to a girl with 45,X Turner syndrome. 42 In the literature, girls with Turner's syndrome are said to have functional ovarian tissue and pregnancies in women with Turner's syndrome after oocyte donation and ICSI are no longer exceptional. However, since ovarian failure occurs relatively early during adolescence, cryopreservation of ovarian tissue containing immature follicles before the onset of early menopause should be considered as soon as the girl or her parents are able to make the necessary decisions.
Should these autologous oocytes indeed be used in the future, affected women would need to undergo genetic counselling before conception, followed by prenatal assessment. Besides the risks for congenital anomalies in the newborn, the risks of pregnancies in Turner's syndrome should not be neglected, as premature delivery due to disproportion between the pelvis and the fetus and aortic dissection in the pregnant woman are also known to occur. 43 conclusIon Early knowledge of an SCA or any chromosomal aneuploidy could help the parents and their child to adapt to the consequences of the corresponding syndrome in a timely manner rather than having the information presented at puberty or even at a later stage in life. The couples should be informed with the most reliable and accurate information about the possible abnormalities, expected prognosis, and current and potential future treatment options; so they are able to make an informed decision about the pregnancy in accordance with their own values and to come to terms with their decision.
Genetic counseling for SCA females should address reproductive issues, specifically POF and the risk of transmission. The genetic risk in the offspring of patients with 47,XXY karyotype remains unknown but is presumably low. Prenatal diagnosis in parents with SCA has a definite role as there is an increased risk for chromosomal abnormality in their offspring.
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